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PART V: Heavy Metals 
Chapter 9 
 
NEW APPROACH TO INACTIVE LANDFILLS CONTAINING 
WASTES OF MERCURY AND OTHER HEAVY METALS 
 
Jan Jaremski 
Rzeszow University of Technology, ul. W. Pola 2, 35-959 Rzeszow, Poland 
Abstract: This article presents an analysis of some of the complex problems connected with old closed landfills in 
Poland, illustrated by examples from several municipal and industrial sites. These landfills have been usually 
closed prior to any assessment of the filtrating abilities of the layers below the bottom or of the layers directly 
surrounding the waste sites. Typically, there has been no analysis of the physical and chemical properties of 
the soil, microstructure, and so on. Technical solutions intended to maximize the possible stoppage of 
impurities in the inactive landfills are proposed. Such solutions reduce the influence of impurities on the 
geological environment by separating them from environment using special cavity walls which act as screens 
against filtration. Known protection methods must be constanty improved, and some waste materials will 
remain in the disposal sites up to the moment of the application of new remediation techniques. Co-disposal 
of hazardous and municipal wastes merits special analysis. The monitoring of changes in the chemical 
composition of waste mass during bioremediation is critical. 
Key words: mercury, landfill, bioremediation, soil, groundwater. 
1. INTRODUCTION 
It is necessary to change the approach to closed landfills containing municipal and industrial waste 
materials. Previously, these two kinds of waste materials were typically, and unsuitably, deposited 
together. Later, new techniques of waste neutralization, segregation and recycling were introduced. 
Nowadays, waste disposal sites are bioreactors using biorecovery, physical, chemical and other 
processes, depending on percentage of municipal waste. At the landfills, liquid and gaseous impurities 
occur, and it is often difficult to predict their occurrence.  
  It is not easy to protect the geological environment around the old inactive waste disposal sites. 
In practice, a partial intake of leachate is usually done, and the deposited waste materials are covered 
with a layer of cohesive soil and sealing foil. Gases formed during biorecovery usually pass into  the 
atmosphere. Critically, many landfills are located in closed-down strip mines (marls, aggregate and so 
on). Filtrating eluvia or permeable non-cohesive soils often occur below the bottom of the landfills. 
Some waste material was usually deposited below the underground water level. Tests of leachate in 
the closed-down landfills should be treated as a separate problem and cannot be the only source of 
analysis of these landfills. Inventory of the old waste disposal sites is essential since the deposited 
toxic substances need to be balanced. An inactive landfill is a bioreactor so chemical reactions taking 
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place within can be difficult to assess. Formed products sometimes prove more toxic than the 
deposited substrates (Lewis, 1992). In many cases, interdisciplinary analysis of biorecovery products 
as well as physical and chemical processes occurring in the landfills is recommended. Considerations 
presented in this paper connected with the deposit of waste materials containing mercury show the 
scope of the problem. As does the evaluation of the risk of impurities caused by the heavy metals and 
toxic substances found in many waste disposal sites (Komatina and Komatina, 1994).  
This paper presents analysis of some complex problems connected with old landfills, illustrated by 
several examples. Generally speaking, these landfills have been usually been capped without any 
assessment of the filtrating abilities of the layers below the landfill bottom and/or the layers directly 
surrounding the waste. Typically, no analysis of the physical or chemical properties of the soil, 
microstructure etc has taken place. Control of the waste disposal sites would include only tests of the 
composition of leachate (randomly drawn). The time of sampling is not related to remediation 
intensity and sampling frequency is usually not established. In general, waste composition is not 
analyzed, and the percentage of the deposited waste coming from local industry remains unknown.  
Technical solutions intending to maximize the possible stoppage of impurities in the inactive 
landfills are proposed. Such solutions allow for the reduction of the influence of impurities on the 
geological environment, by separating the impurities from the environment using special cavity 
(screens against filtration) walls. In the case of permeable soils below the landfill bottom, it is 
possible to stop vertical filtration through the formation of an impermeable horizontal layer deep 
below the bottom of the landfill. These protections are expensive, but these costs should be compared 
to accrued costs resulting from the lack of protection, i.e. damage to the environment and local 
community. Known methods must be constantly be improved, and waste materials should be 
contained within the disposal sites up until the moment of the application of new remediation 
techniques.  
Development of new research methods for trace chemistry will extend the catalogue of toxic 
chemistry (Dybczynski at al., 1990; Theis, 1988) and the list of applications of impurity migration 
models. New research will also enhance techniques for parameters allowing for the calculation of 
diffusion, dispersion, degradation and sorption of impurities through geological and geotechnical 
barriers. Assessment of leak tightness of packages between the landfill bottom and the underground 
water level is also critical. Previous papers, (Jaremski, 1994; Jaremski, 2000) have outlined methods 
used to determine the leak tightness of laminar foundation through the identification of nitric 
compounds and organic carbon. These methods can be useful during assessment of leak tightness for 
landfills with complicated hydrogeological conditions pertaining as a result of previous volcano 
phenomena and earth movements which result in faults and dislocations joining the existing water-
bearing levels.    
2. PROBLEM OF MERCURY IN CASE OF THE RZESZOW LANDFILL 
The town of Rzeszow and its closed landfills are located in area of the Przedkarpacka Pradolina 
(Piedmont region). This primeval valley was created by the erosion of post-glacial waters and was 
filled with pleistocene and holocene sediments. The old landfill is situated within the exacavations of 
a closed clay mine. There are 7,5m deep silty clays mined as raw material for a brickyard. Under the 
clays,  are interbeddings of clayey gravel with rounded rock fragments. This layer is some  5 meters 
deep and its range is unknown. Such subsoil makes up a geological barrier of questionable quality. 
The landfill does not have additional sealing and has not operated since 1990.  About 2621550m3 
municipal and industrial wastes were deposited there during nine years of operation (1982-1990). The 
waste disposal site area was about 3 ha. While operating, ground glass breakage from RZLW “Polam” 
factory was deposited there. These glass wastes from discharge lamps production contained dangerous 
levels of mercury. Assuming the minimum estimated amounts of mercury in the wastes (Jaremski, 
2006), we can say that about 2680 kg of mercury were deposited. 
Landfilling of mercury wastes together with the organic mass of Rzeszow municipal wastes made 
the biomethylation of heavy metal possible. Biomethylation is a process in which microbes present 
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during bioremediation in deposited waste mass, change inorganic forms of mercury into 
metaloorganic forms. During methylation the microbes transfer the alkyle group to the metal, forming 
connections (CH3)2Hg, (CH3)Hg+. Mechanisms of alkylation are not yet well known. However, it is 
clear that the methylation proceeds very efficiently under the oxygen-free conditions occurring in  
those landfills which contain wastes having putrescible organic matter. The methylmercury forms are 
much more toxic than the metallic mercury (Eccles and Aman, 1987) as can be seen from the tragic 
death of chemistry professor, Karen Wetterhahn, who died after a 15-second contact with some 
millilitres methylmercury absorbed through a latex glove barrier (Gulanowska and Cieslak-Golonka, 
1998). Methylmercury (CH3)Hg+ is readily soluble in water and has bioaccumulative properties, 
whereas dimethylmercury  (CH3)2Hg is sparingly soluble in water but quite volatile. Methylmercury 
and ethylmercury connections are resistant to biochemical degradation processes. Vapours of mercury 
and methylmercury are the most harmful because they easily penetrate to the brain. Constant contact 
with high concentrations of mercury causes injuries of the nervous system, kidneys and fetus. 
Permissible dosages of mercury have been determined, but tolerance limits for low concentrations are 
not precisely known (Friberg and Vostal, 1972; D’Itri and D’Itri, 1977). 
The results of process of biomethylation in the disposal sites of municipal wastes confirmed 
Lindberg's investigations (Raloff, 2001). Steve E. Lindberg and his coworkers found methylmercury 
in the water vapor that condensed out of the gas emanating from a Florida landfill. Concentrations 
were at least 100 times of those typically seen in water. However, methylmercury comes in two forms 
- mono- and dimethylmercury - with the latter being the more toxic. To probe which form is made in 
landfills, Lindberg and his research group collected gases destined for flaring. They reported finding 
some 50 nanograms of dimethylmercury per cubic of landfill gas. 
It should be noted that mercuric wastes were deposited in many landfills in the Rzeszow region 
where the main reservoir of groundwater, satisfying the requirements of drinking water, is located 
(Jaremski, 2002). It must also be noted that the released compounds of the deposited mercury can be 
transported through the great depths of soil and for great distances (USEPA, 1997). 
3. LANDFILLS OF SOME WASTES OF CHEMICAL INDUSTRY 
In an urban agglomeration in the south of Poland, unique groundwaters occurring in the Trias shell 
limestone, had to be protected against pollution caused by heavy metals, such as highly toxic 
compounds of barium released from the old industrial waste landfills (Jaremski, 1990). The waste 
disposal site location, occupying about 34 ha., was considered more than adequate 75 years ago when 
the chemical plant started operation, during which time roughly  850 000 m3 of wastes containing 
heavy metals were deposited. 
The landfills under consideration occupy a large area on the quaternary cohesive grounds above 
the clay aluvium and the Trias sediments. They are located within one of the biggest reservoir of 
groundwater in Poland. It can be characterized by a relatively low degree of reduction of impurities.  
The surface is protected by the clay grounds only in some areas. The supply of the Trias water-
bearing reservoir is done on the outcrops or indirectly by the quaternary level. At the disposal site 
area, the Trias formations are supplied by the infiltration of precipitation waters and by waters 
occurring in the quaternary formations through discontinuities of the impermeable layers, including 
filtrating layers and slightly permeable layers such as silts, sand and silty clays, as well as eluvia of 
the Trias formations. In the area of the waste disposal site, there are  filtration paths to the Trias water-
bearing layers caused by mining actions, or by dislocations formed during tectonic movements in the 
Tertiary period. Water occurring in the Trias shell limestone is of a very good quality. Reserves of 
those water-bearing formations are drawn for production of drinking water for a big city and the 
capacity is estimated for more than 200 000 m3/d. The depression funnel, formed as a result of the 
water drawing by the wells, causes an increase in the quaternary water drainage by the privileged 
filtration paths, as well as introducing waters to the Trias water-bearing layers polluted by heavy 
metals from the region’s landfills  
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 Content of the heavy metals was analyzed at the particular landfills. For instance, there are about 
of 2.5 millions of tons of zinc (6.36% – 17.02%). Not far from the considered waste disposal site zinc 
mines, of only 1% of zinc ores, were operated. Now the ores of 4% zinc are emerging.  The zinc ore 
deposits are sufficient only for several years. Similarly, the copper content is from 3% to 10.8%. 
Recovery of these metals possibly using an electrolytic recovery method causes a radical increase in 
the profitability of proposed waste treatment as raw materials. Recovery of other elements has been 
deemed unprofitable due to too low content and too high technological costs. From the preliminary 
analyses, it appears that we should expect very high profits for the recovered zinc and copper. 
Assuming unfavorable market conditions, the proposed solution would allow for repayment of the 
cost of the proposal realization.  
4. CONCEPTION OF LANDFILLS PROTECTION  
Old landfills containing different wastes ( a mix of municipal and hazardous industrial wastes) 
should be treated as a dangerous bioremediator, in which very toxic and active compounds can form 
as products. In the author’s opinion, all the old waste disposal sites must be treated as sources of 
dangerous impurities and should be covered by suitable geotechnical barriers with installations for gas 
driving. These installations should make gas combustion possible. Gas products from the old landfill 
sites should not be carried to atmosphere but rather such low energy value substances should be 
burned using fuel gas. Mercury can be removed from gases with use of the Medisorbon process, 
applied for mercury removal from waste gases.   
In order to protect the hydrogeological environment, encasing the Rzeszow waste disposal site 
with a screen against filtration together with a diaphragm to protect against ionic diffusion should be 
considered. Such protection effective if there is an impermeable layer under the given area. The 
landfill site area should be separated by the screen, i.e. a deep diaphragm reaching the cohesive soil 
layer and satisfying requirements as for the filtration coefficient. The screen should be done as a 
cavity wall in thixotropic suspension and with an additional membrane. Such screen should be 15-17 
m in height.  It would protect the geological environment against ionic diffusion and heavy metal 
washing out from industrial wastes. This solution should prevent the penetration of hazardous wastes 
into groundwater. Such separated area including all the deposited wastes would become a 
bioremediator (Jaremski, 2003). Infiltrating water from precipitations will be intaken by wells (Fig.1).  
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Figure 1. Scheme of the proposed protection of the Rzeszow waste disposal site 
In examing the problems incurred by the industrial waste landfills presented in Chapter 3, the 
author have also considered  the possibility of  the creation of a bioremediator which would separate 
the waste disposal site by the screen which would reach the layer of protected Trias shell limestone or 
the upper packages of eluvia thus protecting against filtration. The floor of quaternary formations 
(belonging to the holocene and the Pleistocene eras), would determine the depth of the screen in many 
landfills. According to the preliminary settlements, it is located from 10 m to 16 m, and in some 
disposal sites from 5 m to 25 m. In the considered area, the wastes contain heavy metals so they are 
very dangerous for the Trias waters. At present, the area of the water pollution is limited to the north 
part of the Trias water basin. Moreover, we do not know the exact volume of the layer where the 
impurities are accumulated. The authors suggests making the screen as a cavity wall in the thixotropic 
suspension with the built-in additional membrane protecting the geological environment before ionic 
diffusion and before the migration of dangerous impurities from the industrial wastes to the waters 
occurring in the shell limestone. The proposed bioremediator seems to be the most reasonable solution 
for now, which would allow the investigation of particular landfills to determine their future.  (They 
can be treated as a place for raw materials or as a place for wastes only). Further operation of the 
wastes as raw materials needs to inclued some additional tests on their composition and the geological 
environment. Selection of a suitable location for the protecting screen must be preceded by analysis of 
the geological conditions of the landfill adjacent areas, where bioremediation would be realized with 
use of some selected bacterial strains capable of accumulation of heavy metals (Fijaákowska et al., 
2000). 
5. CONCLUSIONS 
In case of old closed landfills, located in piedmont region of Poland, it is possible that impurities 
from this disposal site will migrate to mineral drinking water resources through unprotected layer of 
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gravel. The landfills are located in place of complicated hydrogeological conditions of which the 
systems of subsoil cracks and faults is currently little understood The cost of isolation between the 
landfill and filtrating layers as well as leachate intake is minimal in relation to prospective hazards for 
hydrogeological environment and such a precious water resource. Co-disposal of hazardous and 
municipal wastes demands a special analysis. Monitoring of changes in chemical composition of 
wastes mass during bioremediation is critical. 
There are many problems connected with industrial waste landfills. Specialists in many fields must 
work together on the problem solving. In many countries the wastes must be treated as raw materials 
but creating adequate protocols is extremely complex.  It is not easy to make the decision whether or 
not to utilize the wastes. 
The existing landfills for industrial wastes located in areas in the proglacial stream valleys, 
sometimes in the excavations of the closed strip mines of mineral raw materials, require special 
treatment and special solutions. Under the storage bottom, we can often meet non-cohesive soils or 
rock eluvia of good filtrating properties. It is necessary to formulate a quantity criterion for  waste 
deposits depending on the local hydrogeological conditions, and to eliminate waste disposal sites in 
proglacial stream valleys where rivers flow at present.  
The problems connected with inactive landfills of industrial and industrial-municipal wastes are 
interdisciplinary and they need systematic scientific work, including analyses of the influence of the 
deposited toxic substances on the geological environment, and the time changes of sorption capacity 
of particular ground layers existing under the landfill bottom. 
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